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DESCRIPTION 

MULTIAXIAL SENSOR UNIT AND MULTIAXIAL SENSOR USING IT 

Technical Field 
[0001] 

The present invention relates to a multiaxial 
sensor unit capable of measuring one of multiaxial force, 
moment, acceleration, and angular acceleration externally 
applied to a first member and a second member, and also 
to a multiaxial sensor using the unit. 

Background Art 
[0002] 

As a multiaxial sensor of this kind, a device is 
known in which a force or moment is detected using a 
semiconductor single crystal substrate. As shown in FIGS. 
21, 22, and 23A to 23C, Patent Document 1 discloses a 
multiaxial sensor 105 including a strain generation body 
103 made up of a force receiving portion 100 provided at 
the center, a fixed portion 101 provided around the force 
receiving portion 100, and an annular diaphragm portion 
102 connecting the force receiving portion 100 and the 
fixed portion 101 to each other; and detecting elements 
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Rll to R34 each made of a piezoresist ive element and 
attached to the strain generation body 103. 
[0003] 

Detecting elements Rll to R34 are attached to the 
upper surface of each strain generation body 103. On the 
upper surface of each strain generation body 103, there 
are set X- and Y-axes extending perpendicularly to each 
other with the force receiving portion 100 being set at 
the center; and an oblique axis S extending 
intermediately between the X- and Y-axes. The detecting 
elements Rll to R34 are disposed on the respective axes 
at edges of the diaphragm portion 102. 

[0004 ] 

In the multiaxial sensor 105, the detecting 
elements Rll to R34 constitute bridge circuits for 
measuring three-axial forces or moments on X-, Y-, and Z- 
axes. More specifically, the detecting elements Rll to 
R14 on the X-axis constitute a bridge circuit 106 as 
shown in FIG. 23A to obtain a voltage Vx . The detecting 
elements R21 to R24 on the Y-axis constitute a bridge 
circuit 107 as shown in FIG. 23B to obtain a voltage Vy. 
The detecting elements R31 to R34 on the S-axis 
constitute a bridge circuit 108 as shown in FIG. 23C to 
obtain a voltage Vz. By combining the voltages Vx, Vy, 
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and Vz obtained by the bridge circuits 106 to 108, three- 
axial forces or moments on X-, Y-, and Z-axes can be 
calculated . 

Patent Document 1: JP-A-4-194 634 (FIG. 2; FIG . 3; 
FIG. 7; page 3, lower left column, line 3 to lower right 
column, line 6; and page 4, lower right column, lines 9 
to 15) 

Disclosure of the Invention 
Problem that the Invention is to Solve 
[0005] 

In the technique disclosed in Patent Document 1, 
the power consumption is large because three bridge 
circuits 106 to 108 are used. In addition, wiring is 
complicated for constructing three bridge circuits 106 to 
108. Particularly in the case that the detecting 
elements Rll to R14 are formed on a silicon semiconductor 
substrate, wiring is required for once leading terminal 
signals of piezoresist ive elements as the detecting 
elements Rll to R14 to the outside of the semiconductor 
substrate. Thus, existence of three bridge circuits 106 
to 108 brings about constructional complication. This 
also brings about an increase in cost. 

[0006] 
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An object of the present invention is to provide a 
multiaxial sensor unit that can realize a reduction in 
power consumption, simplification of wiring, and a 
reduction in cost, and also to provide a multiaxial 
sensor using the unit. 

Means for Solving the Problem and Effect of the Invention 
[0007] 

According to* the first aspect of the present 
invention, a multiaxial sensor unit is provided for 
measuring one or more of multiaxial force, moment, 
acceleration, and angular acceleration, externally 
applied. The sensor comprises eight strain gauges 
disposed on a single plane, and one bridge circuit 
constructed by connecting the strain gauges. 

[0008] 

According to this aspect, only eight strain gauges 
are used and they constitute only one bridge circuit. 
Therefore, the power consumption can be reduced to about 
1/6 in comparison with a case of driving three bridge 
circuits each constituted by four strain gauges divided 
from twelve strain gauges as in the prior art. That is, 
because the number of strain gauges for one bridge 
circuit increases twice, the combined resistance becomes 



twice. In addition, because the number of bridge 
circuits is reduced from three to one, the power becomes 
1/3. Because the power W = V2/R, the power consumption 
becomes 1/6 by (1/3) x (1/2) . 
[0009] 

In addition, because only one bridge circuit is 
used, wiring can be simplified. Thus, the bridge circuit 
can be easily constructed without thr ee-dimens ional ly 
intercrossing wires. Further, because the number of 
strain gauges can be reduced, the cost can be reduced by 
reducing the number of parts and the number of steps of 
attachment work. 

[0010] 

According to the second aspect of the present 
invention, a multiaxial sensor unit is provided for 
measuring one or more of multiaxial force, moment, 
acceleration, and angular acceleration, externally 
applied. The sensor comprises eight strain gauges 
disposed on a single plane, and two bridge circuits 
constructed by connecting the strain gauges. 

[0011] 

According to this aspect, only eight strain gauges 
are used and they constitute two bridge circuits. 
Therefore, the power consumption can be reduced to about 
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2/3 in comparison with a case of driving three bridge 
circuits each constituted by four strain gauges divided 
from twelve strain gauges as in the prior art. 
[0012] 

In addition, because only two bridge circuits are 
used, wiring can be simplified. Thus, the bridge 
circuits can be easily constructed without three- 
dimensionally intercrossing wires. Therefore, in the 
case of forming the bridges by an IC process or a 
sputtering technique, there is no need of intercrossing 
wires. As a result, the process can be simplified and a 
reduction in cost can be intended. Further, because the 
number of strain gauges can be reduced, the cost can be 
reduced by reducing the number of parts and the number of 
steps of attachment work. 

[0013] 

The multiaxial sensor unit of the present invention 
may comprise a strain generation body comprising a force 
receiving portion provided at a center, a fixed portion 
provided on an outer circumference, and an annular 
diaphragm portion connecting the force receiving portion 
and the fixed portion to each other. The strain gauges 
may be disposed at four positions on outer and inner 
edges of the diaphragm on a line perpendicular to a 
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center line of the diaphragm; and at four positions on 
the outer and inner edges of the diaphragm on a line 
perpendicular to the line perpendicular to the center 
line of the diaphragm. According to this feature, forces 
and moments on orthogonal two axes and further a force 
and a moment on an axis perpendicular to the axes can be 
detected . 

[0014] 

In the multiaxial sensor unit of the present 
invention, each of the strain gauges may be a 
piezoresistive element. According to this feature, 
because such a piezoresistive element is ten times or 
more higher in gauge factor than a foil strain gauge, the 
sensitivity can be ten times or more improved in 
comparison with a case of using the foil strain gauge. 
Also, in the multiaxial sensor unit of the present 
invention, each of the strain gauges may be a strain 
gauges formed by a sputtering method. Because such a 
strain gauges by the manufacturing method is ten times or 
more higher in gauge factor than a general foil strain 
gauge, the sensitivity can be ten times or more improved 
in comparison with a case of using the general foil 
strain gauge. 

[0015] 



According to the third aspect of the present 
invention, a multiaxial sensor is provided that comprises 
a plurality of multiaxial sensor units described in any 
of the above descriptions. According to this aspect, 3- 
axis forces and moments or accelerations and angular 
accelerations can be accurately detected. 

[0016] 

In the multiaxial sensor of the present invention, 
the multiaxial sensor units may be disposed around a 
center point of the multiaxial sensor at regular angular 
intervals at the same distance from the center point. 
According to this feature, multiaxial forces, moments, 
accelerations, and angular accelerations, can be 
calculated by relatively simple calculations from changes 
in the resistance values of the strain gauges of each 
multiaxial sensor unit. 

[0017] 

In the multiaxial sensor of the present invention, 
the angular interval may be 90 degrees. According to 
this feature, forces, moments, accelerations, and angular 
accelerations, on the X- and Y-axes of Cartesian 
coordinates whose origin is set at the center point of 
the multiaxial sensor, can be easily calculated. 

[0018] 
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In the multiaxial sensor of the present invention, 
the multiaxial sensor units may be disposed in positive 
and negative directions on X- and Y-axes with an origin 
being set at the center point. According to this feature, 
forces, moments, accelerations, and angular accelerations, 
on the X- and Y-axes, can be very easily calculated. 

[0019] 

In the multiaxial sensor of the present invention, 
the angular interval may be 120 degrees. According to 
this feature, because multiaxial forces, moments, 
accelerations, and angular accelerations, can be 
calculated with three multiaxial sensor units, the 
construction of the multiaxial sensor can be further 
simplified. 

[0020] 

In the multiaxial sensor of the present invention, 
the strain gauges may be disposed on outer and inner 
edges of the diaphragm on a line extending through a 
center point of the multiaxial sensor and a center point 
of each multiaxial sensor unit; and on the outer and 
inner edges of the diaphragm on a line perpendicular to 
the former line at the center point of the multiaxial 
sensor unit. According to this feature, because the 
strain gauges can be attached to portions where the 
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strain is the largest in the multiaxial sensor unit, the 
sensitivity can be improved. 
[0021] 

In the multiaxial sensor of the present invention, 
the sensor may comprise a first member comprising the 
multiaxial sensor units each comprising the strain 
gauges; and a second member comprising strain generation 
bodies opposed to the multiaxial sensor units and 
comprising no strain gauges. Opposed force receiving 
portions of strain generation bodies may be connected to 
each other, and multiaxial forces and moments applied 
between the first and second members may be measured. 
According to this feature, the multiaxial forces and 
moments can be measured only by providing the multiaxial 
sensor units on only one member. 

[0022] 

In the multiaxial sensor of the present invention, 
the sensor may comprise the multiaxial sensor units and 
an operation body provided on the force receiving portion 
of each multiaxial sensor unit, and multiaxial 
accelerations and angular accelerations applied to the 
multiaxial sensor units may be measured. According to 
this feature, the multiaxial accelerations and angular 
accelerations can be measured only by providing the 
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multiaxial sensor units on only one member. 

Best Form for Carrying Out the Invention 
[0023] 

Hereinafter, preferred embodiments of the present 
invention will be described with reference to drawings. 
FIG. 1A is a plan view of a multiaxial sensor unit 10 
according to a first embodiment of the present invention 
when viewed from a surface to which strain gauges are 
attached. FIG. IB is a central vertical sectional front 
view of the multiaxial sensor unit 10. In FIGS. 1A and 
IB, the multiaxial sensor unit 10 is for measuring one or 
more of multiaxial force, moment, acceleration, and 
angular acceleration, externally applied. The multiaxial 
sensor unit 10 includes eight strain gauges Rll to R24 
disposed on a single plane, and a bridge circuit 11 made 
by connecting the strain gauges Rll to R24 . 

[0024] 

The strain gauges Rll to R24 are attached to a 
strain generation body 12 made of a metallic flexible 
material such as aluminum or SUS . The strain generation 
body 12 is made up of a force receiving portion 13 
provided at the center; a fixed portion 14 provided on 
the outer circumference; and an annular diaphragm portion 
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15 connecting the force receiving portion 13 and the 
fixed portion 14 to each other. The fixed portion 14 is 
for attaching the multiaxial sensor unit 10 to another 
device. The fixed portion 14 is formed into a large 
thickness high in rigidity so that the portion 14 is hard 
to be strained or deformed even when an external force is 
applied to the force receiving portion 13. The diaphragm 
portion 15 is formed into a small thickness so as to be 
easy to be deformed. The force receiving portion 13 is 
columnar and efficiently conducts an externally received 
force to the diaphragm portion 15. Thus, when an 
external force is applied to the force receiving portion 
13, the resultant strain and deformation almost 
concentrate on the diaphragm portion 15. 
[0025] 

As each of the strain gauges Rll to R24, a metallic 
foil strain gauge or a metallic wire strain gauge is used. 
Each of the strain gauges Rll to R24 is a kind of a 
resistor, and a detecting element to be used by being 
attached to where a strain is generated. Generation of a 
strain causes a change in the resistance value, and 
thereby the strain epsilon can be measured. In general, 
such a gauge has a proportional characteristic in which 
the resistance value increases to a strain epsilon by 
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tension and the resistance value decreases to a strain 
epsilon by compression. Normally, such a gauge is used 
within the elastic region of the material in which the 
stress sigma is in proportion to the strain epsilon. 
[0026] 

The strain gauges Rll to R24 are disposed at four 
positions on the outer and inner edges of the diaphragm 
portion 15 on a line, i.e., the X-axis, perpendicular to 
the center line, i.e., the Z-axis, of the diaphragm 

c 

portion 15; and at four positions on the outer and inner 
edges of the diaphragm portion 15 on a line, i.e., the Y- 
axis, perpendicular to the. X-axis. The strain gauges Rll 
to R24 are attached at the respective positions. Because 
any of the strain gauges Rll to R24 is provided on the 
edge of the diaphragm portion 15, it can efficiently 
receive a strain generated on the strain generation body. 
[0027] 

FIG. 2 shows a state wherein an X-axial force Fx is 
applied to the force receiving portion 13 of the 
multiaxial sensor unit 10, and changes in the respective 
strain gauges Rll to R14. The force Fx acts as a moment 
My, i.e., a moment around the Y-axis, corresponding to 
the distance L between the application point 13a of the 
force receiving portion 13 and the origin O of the 
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multiaxial sensor unit 10. At this time, all the strain 
gauges Rll to R14 on the X-axis are displaced as shown in 
FIG. 2, and a strain is detected. In FIG. 2, (+) of the 
strain gauges Rll to R24 indicates an increase in 
resistance value by receiving a tensile strain, and (-) 
indicates a decrease in resistance value by receiving a 
compressive strain . 
[0028] 

Next, when a Y-axial force Fy is applied to the 
force receiving portion 13 of the multiaxial sensor unit 
10, the force Fy acts as a moment Mx, i.e., a moment 
around the X-axis, corresponding to the distance L 
between the application point 13a of the force receiving 
portion 13 and the origin O of the multiaxial sensor unit 
10. This can be thought by shifting by 90 degrees the 
above-described state when the X-axial force Fx is 
applied, and thus the description thereof is omitted here. 

[0029] 

FIG. 3 shows a state and changes in the respective 
strain gauges Rll to R24 when a Z-axial force Fz is 
applied to the force receiving portion 13 of the 
multiaxial sensor unit 10. 

[0030] 

Table 1 shows changes in the strain gauges Rll to 
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R24 to the above-described forces and moments. In Table 
1, indicates an increase in resistance value, 

indicates a decrease in resistance value, and "0" 
indicates substantially no change in. resistance value. 
The force or moment in the reverse direction is inverted 
in sign. 

[0031] 



[Table 1] 



Strain gauge 


X-axis 


Y-axis 


Rll 


R12 


R13 


R14 


R21 


R22 


R23 


R2 4 


Fx (My) 




+ 




+ 


0 


0 


0 


0 


Fy (Mx) 


0 


0 


0 


0 




+ 




+ 


Fz 




+ 


+ 






+ 


+ 
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FIG. 4 shows a bridge circuit 11 made by connecting 
the strain gauges Rll to R24. In the bridge circuit 11, 
gauges are connected in series from a driving voltage V+ 
to GND in the order of Rll, R12, R23, and R24, and in the 
order of R14, R13, R22, and R21. The gauges R12 and R14 
may be replaced by each other. The voltage at the node a 
between Rll and R12 is represented by Va ; the voltage at 
the node b between R13 and R14 is represented by Vb; the 
voltage at the node c between R23 and R24 is represented 
by Vc; and the voltage at the node d between R21 and R22 
is represented by Vd . The node £ between R12 and R23 and 
the node h between R13 and R22 may be short-circuited. 

[0033] 
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FIG. 1A shows a wiring diagram for connecting the 
strain gauges Rll to R24, by a chain double-dashed line 
in FIG . 1A. By wiring thus, there is no overlapping 
portion and therefore there is no need of crossing wires. 
This wiring structure can be manufactured by one 
sputtering process. Consequently, the manufacturing 
process is simplified and a reduction in cost can be 
intended . 

[0034] 

FIG. 5 shows relations between the node voltages Va 
to Vd and forces or moments. The force Fx and moment My 
can be measured as the difference Vx between the node 
voltages Va and Vb, i.e., Vx = Va - Vb . The force Fy and 
moment Mx can be measured as the difference Vy between 
the node voltages Vc and Vd, i.e., Vy = Vc - Vd . The 
force Fz can be measured as the sum Vz of the difference 
(Va - Vc) between the node voltages Va and Vc and the 
difference (Vb - Vd) between the node voltages Vb and Vd, 
i.e., Vz = (Va - Vc) + (Vb - Vd) . Alternatively, as 
shown by brackets in FIG. 5, the force Fz may be measured 
as the sum Vz of the difference (Va - Vd) between the 
node voltages Va and Vd and the difference (Vb - Vc) 
between the node voltages Vb and Vc, i.e., Vz = (Va - Vd) 
+ (Vb - Vc) . The above calculations may be electrically 
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directly carried out by using an OP amplifier 19, or may 
be carried out by using a computer after the node 
voltages are A/ D- con verted . 
[0035] 

Here will be briefly described a principle for 
obtaining forces or moments from the node voltages Va to 
Vd. When a force Fx or moment My is applied, only Rll to 
R14 change and R21 to R24 do not change. Thus, the 
bridge circuit 11 shown in FIG . 6A can be considered to 
be the same as that shown in FIG. 6B. This is a bridge 
circuit 11 conventionally used, and resultingly, Vx = Va 
- Vb. 

[0036] 

When a force Fz is applied, different strain gauges 
Rll to R24 operate in accordance with the direction of 
the force Fz, as shown in FIG. 7A. FIG. 7B shows changes 
when the force is applied in the direction indicated by 
an arrow Tl in FIG. 7A; FIG. 7C shows changes when the 
force is applied in the direction indicated by an arrow 
T2; FIG. 7D shows changes when the force is applied in 
the direction indicated by an arrow T3; and FIG. 7E shows 
changes when the force is applied in the direction 
indicated by an arrow T4 . 

[0037] 
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In this embodiment, for example, if Vz = Va - Vc or 
Vz = Vb - Vd, there is no reaction as Fz when the 
resultant force of Fx and Fy acts in the direction of the 
arrow Tl. On the other hand, if Vz = Va - Vd or Vz = Vb 
- Vc, there is a reaction as Fz . Table 2 shows those 
relations . 

[0038] 



[Table 2] 



Moment 


Va - Vc 


Va - Vd 


Vb - Vc 


Vb - Vd 


Tl direction 


0 


+ 




0 


T2 direction 




0 


0 


+ 


T3 direction 




0 


0 


+ 


T4 direction 


0 


+ 




0 



[0039] 



Therefore, by adopting Vz = (Va - Vc) + (Vb - Vd) , 
even if forces in the directions of the arrows Tl to T4 
act, Fz can be accurately output because the forces 
cancel out. Also, Vz = (Va - Vd) + (Vb - Vc) can be 
adopted. Changes in the node voltages Va to Vd in each 
mode accord with divided voltages of the Ohm' s law when 
(R + delta R) is set in the case of (+) in which the 
resistance of a strain gauge increases, and (R - delta R) 
is set in the case of (-) in which the resistance of the 
strain gauge decreases. 

[0040] 

In this embodiment, a force Fx or moment My, a 

force Fy or moment Mx, and a force Fz are obtained. 
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However, the present invention is not limited to that. 
Acceleration or angular acceleration on each axis may be 
obtained. In such a case, by attaching a weight to the 
front end of the force receiving portion 13, the motion 
of the force receiving portion 13 can be increased to 
improve the sensitivity. 
[0041] 

The bridge circuit 11 is not limited to that shown 
in FIG. 4. For example, as shown in FIG. 8, gauges may 
be connected in series from the driving voltage V+ to GND 
in the order of R13, R14, R21, and R22, and in the order 
of R12, Rll, R24, and R23. The node g between R14 and 
R21 and the node h between Rll and R24 may be short- 
circuited. Otherwise, as shown in FIG. 9, gauges may be 
connected in series from the driving voltage V+ to GND in 
the order of Rll, R12, R23, and R24, and in the order of 
R14, R13, R22, and R21, and further the node g between 
R12 and R23 and the node h between R13 and R22 may be 
short-circuited. In this case, the short circuit of the 
nodes g and h may be released. 

[0042] 

Further, as shown in FIG. 10, a bridge circuit 11 
may include in parallel a bridge circuit 11a constituted 
by Rll to R14 and a bridge circuit lib constituted by R21 
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to R24. In this case, Fx or My is calculated in the 
bridge circuit 11a of Rll to R14 by Vx = Va - Vb; and Fy 
or Mx is calculated in the bridge circuit lib of R21 to 
R24 by Vy = Vc - Vd . Fz is calculated by Vz = (Va - Vc) 
+ (Vb - Vd) , or Vz = (Va - Vd) + (Vb - Vc), or Vz = Va + 
Vb, or Vz = Vc + Vd. In the multiaxial sensor unit 10 
using two bridge circuits 11 as in this example, the 
sensitivity becomes nearly double in comparison with the 
multiaxial sensor unit 10 using a single bridge circuit 
11 as shown in FIG. 4. 
[0043] 

Otherwise, as shown in FIG. 11, a bridge circuit 11 
may include in parallel a bridge circuit 11a constituted 
by Rll to R14 and a bridge circuit lib constituted by R21 
to R24. In this example, the strain gauges Rll to R24 
are changed in place in the bridge circuit lib 
constituted by R21 to R24, shown in FIG. 10. In this 
case, Fx or My is calculated in the bridge circuit 11a of 
Rll to R14 by Vx = Va - Vb; and Fy or Mx is calculated in 
the bridge circuit lib of R21 to R24 by Vy = Vc - Vd . Fz 
is calculated by Vz = Va + Vb + Vc + Vd, or Vz = Va + Vb, 
or Vz = Vc + Vd. 

[0044] 

On the other hand, the present invention is not 
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limited to the above-described fixed bridge circuits 11, 
a detecting circuit 16 as shown in FIG. 12 may be used. 
The detecting circuit 16 includes strain gauges Rll to 
R24 connected circularly; a switch 17 for switching 
between a driving voltage V+ and GND to be set to the 
strain gauges Rll to R24; and a microcomputer 18 for 
controlling the switch 17 and calculating node voltages 
to obtain forces or moments. Connection of the strain 
gauges Rll to R2 4 and setting of node voltages are like 
the bridge circuit 11 shown in FIG. 4. In this example, 
the node e between Rll and R14 and the node _f between R21 
and R24 are set. 
[0045] 

In the case of obtaining a moment Mx or My, a 
signal PO of an output port of the microcomputer 18 is 
turned off and output terminals of the switch 17 are 
connected to terminals 1, 3, and 5 in FIG. 12. Thereby, 
the nodes e and f of the bridge circuit 11 are connected 
to the driving voltage V and the nodes g and h are 
connected to GND. That is, a bridge circuit 11 is formed 
that is made up of a bridge circuit 11a constituted by 
strain gauges Rll to R14 and a bridge circuit lib 
constituted by strain gauges R21 to R24 . FIG. 13 shows 
the bridge circuit 11 at this time. The moment Mx or 
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force Fy can be detected as the difference Vy between the 
node voltages Vc and Vd . The moment My or force Fx can 
be detected as the difference Vx between the node 
voltages Va and Vb . 
[0046] 

In the case of obtaining a force Fz, the signal PO 
of the microcomputer 18 is turned on and the output 
terminals of the switch 17 are connected to terminals 2, 
4, and 6 in FIG. 12. Thereby, the node b of the bridge 
circuit 11 is connected to the driving voltage V and the 
node c is connected to GND. The nodes g and h are 
separated from GND and the nodes e and f_ are separated 
from the driving voltage V+ . The detecting circuit 16 
forms a single bridge circuit 11 constituted by eight 
strain gauges Rll to R24 . FIG. 14 shows the bridge 
circuit 11 at this time. The force Fz can be detected as 
the difference Vz between the node voltages Va and Vd . 

[0047] 

The voltages Vx, Vy, and Vz are calculated in an OP 
amplifier 19 and then input to A/D conversion ports of 
the microcomputer 18. In accordance with the state of 
the output port PO, that is, on or off, the microcomputer 
18 judges whether the present case is for detecting a 
moment Mx or My, or for detecting a force Fz . Thereby, 
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the microcomputer 18 ignores unnecessary data, for 
example, data of the force Fz when the moment Mx or My is 
detected . 

[0048] 

By repeating the above operation, the moments Mx 
and My and the force Fz can be accurately detected in 
time division. 

[0049] 

Next, a second embodiment of the present invention 
will be described with reference to FIG. 15. As shown in 
FIG. 15, in the second embodiment, a pie zores i s t i ve 
element is used as each of strain gauges R101 to R204. 
By using a semiconductor manufacturing process, 
piezoresistive elements necessary for one multiaxial 
sensor unit 10 are integrated on one silicon 
semiconductor substrate 20, and fixed to a strain 
generation body 12 by die bonding, i.e., soldering. Such 
a piezoresistive element is ten times or more higher in 
gauge factor than a foil strain gauge. Thus, the 
sensitivity can be ten times or more improved in 
comparison with a case of using a foil strain gauge. In 
addition, by using a semiconductor process for IC, not 
only the piezoresistive elements as detecting elements 
but also circuit elements such as an OP amplifier for 
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signal processing can be formed and integrated on the 
same semiconductor substrate 20. 
[0050] 

Next, a third embodiment of the present invention 
will be described with reference to FIG . 16. As shown in 
FIG. 16, in the third embodiment, a chromium oxide film 

21 formed by sputtering is used for strain gauges and a 
bridge circuit. That is, an insulating film 22 is formed 
on a strain generation body 12 by sputtering; the 
chromium oxide film 21 is formed on the insulating film 

22 by sputtering; and then a protective film 23 is formed 
on the chromium oxide film 21. The insulating film 22 is 
for preventing the strain generation body 12 from being 
in electrical contact with the chromium oxide film 21. 
The chromium oxide film 21 is formed by sputtering, and 
thereby strain gauges and a conductive bridge circuit can 
be formed at once. In each portion to function as a 
strain gauge, the width of a line decreases in the 
direction for strain detection to increase in resistance. 
The protective film 23 is provided for preventing 
oxidation and preventing damage due to physical contact. 

[0051] 

Further, a fourth embodiment of the present 
invention will be described with reference to FIGS. 17 to 

-24- 



18. FIG. 17A is a plan view showing arrangement of 
strain gauges Rll to R48 when a multiaxial sensor 1 
according to the fourth embodiment of the present 
invention is Z-axially transparently viewed from the 
position of a second member 3. FIG . 17B is a central 
vertical sectional front view of the multiaxial sensor 1. 
In FIGS. 17A and 17B, the multiaxial sensor 1 includes a 
plurality of multiaxial sensor units 4 to 7 for measuring 
one of multiaxial force, moment, acceleration, and 
angular acceleration, externally applied to a first 
member 2 and a second member 3. Each of the first and 
second members 2 and 3 is formed into a disk-shaped 
flange. Strain gauges Rll to R48 are attached only to 
the front surface 2a of the first member 2. 
[0052] 

The first member 2 includes four multiaxial sensor 
units 4, 5, 6, and 7. Any of the multiaxial sensor units 
4, 5, 6, and 7 has the same construction as the 
multiaxial sensor unit 10 of the first embodiment, and 
the same bridge circuit 11 or detecting circuit 16 as 
described above is provided. The second member 3 
includes four strain generation bodies 12 opposed to the 
multiaxial sensor units 4 to 7 . Force receiving portions 
13 of each of the multiaxial sensor units 4 to 7 and each 
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of the strain generation bodies 12, facing each other, 
are connected with a bolt 9. Thereby, the first and 
second members 2 and 3 are united. 
[0053] 

The multiaxial sensor units 4 to 7 are arranged 
around the center point O of the multiaxial sensor 1 at 
regular angular intervals at the same distance from the 
center point O. In this embodiment, they are arranged at 
regular angular intervals of 90 degrees. Further, the 
multiaxial sensor units 4 to 7 are arranged in the 
positive and negative directions on the X- and Y-axes 
around the origin set at the center point O. Thus, the 
multiaxial sensor 1 functions as a 6-axis force sensor 
for measuring forces on orthogonal three axes in the 
three-dimensional space, and moments around the 
respective axes. The vertical axis extending from the 
origin O toward the first member 2 is set as the Z-axis. 
FIG. 18 shows the directions of the Y-, and Z-axes 

and the directions of moments Mx, My, and Mz around the 
respective axes. 

[0054] 

The multiaxial sensor units 4 to 7 are the same in 
size and thickness. Thus, they are equal in rigidity. 
Therefore, when the first and second members 2 and 3 and 
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their force receiving portions 13 are displaced such that 
they form four sides of a parallelogram as a whole, 
strains corresponding to the directions and magnitudes of 
forces on the respective multiaxial sensor units 4 to 7 
are generated on the strain gauges Rll to R48. Thus, 
forces and moments can be accurately detected. A step 
may be formed at the attachment position of each strain 
gauge in order to simplifying the attachment work for the 
strain gauge and intend to protect the strain gauge. In 
addition, tap holes for attachment to another member may 
be formed in the portion other than the diaphragm portion 
15. 

[0055] 

FIG. 19 shows bridge circuits 11 constructed by 
connecting the strain gauges Rll to R24 . As each of the 
bridge circuits 11, any of the bridge circuits described 
in the first embodiment is applicable. In this 
embodiment, however, only one of them will be described 
by way of example. As shown in FIG. 19, in the 
multiaxial sensor unit 4, a bridge circuit 11 is provided 
that has in parallel a bridge circuit constituted by Rll 
to R14 and a bridge circuit constituted by R15 to R18 . 
In the multiaxial sensor units 5 to 7, bridge circuits 11 
are provided that have in parallel bridge circuits 
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constituted by R21 to R24; R31 to R34; and R41 to R44, 
and bridge circuits constituted by R25 to R28; R35 to 
R38; and R45 to R48, respectively. 
[0056] 

In this example, signals indicating forces on the 
Y-, and Z-axes, detected by the bridge circuit 11 
constituted by the strain gauges Rll to 18, are 
represented by Vxl, Vyl, and Vzl, respectively. In 
addition, the voltage at the node al between Rll and R12 
is represented by Val; the voltage at the node bl between 
R13 and R14.is represented by Vbl; the voltage at the 
node cl between R17 and R18 is represented by Vcl; and 
the voltage at the node dl between R15 and R16 is 
represented by Vdl . Thus, measurement can be made by the 
following calculations . 

[0057] 

Vxl = Val - Vbl 
Vyl = Vcl - Vdl 
Vzl = Val + Vbl - Vcl - Vdl 
[0058] 

Signals Vx2, Vy2, Vz2, Vx3, Vy3, Vz3, Vx4, Vy4, and 
Vz4 indicating forces on the X-, Y-, and Z-axes, detected 
by the bridge circuits 11 constituted by the strain 
gauges R21 to 28, strain gauges R31 to 38, and strain 
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gauges R41 to 48, can be measured in similar manners. 
But, Vyl and Vy3, and Vx2 and Vx4, are inversed in 
polarity of the signal indicating the direction of the 
force; and Vzl, Vz2, Vz3, and Vz4 are the same in 
polarity of the signal indicating the direction of the 
force . 

[0059] 

In this embodiment, therefore, using results 
obtained by the multiaxial sensor units 4 to 7, 6-axis 
force and moment components can be obtained by the 
following calculations. But, the signal outputs of the 
multiaxial sensor units 4 to 7 for three axes may include 
a signal or signals not to be used. In this embodiment, 
the following calculations may be carried out by an OP 
amplifier after resistance values are converted into 
voltages by known or new means; or carried out by a micro 
controller or computer by using A/D converters. 

[0060] 

Fx = Vx4 - Vx2 

Fy = Vy3 - Vyl 

Fz = Vzl + Vz2 + Vz3 + Vz4 

Mx = Vz4 - Vz2 

My = Vz3 - Vzl 

Mz = Vyl + Vx2 + Vy3 + Vx4 
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[0061] 

A calculation method using a bridge circuit 11 of a 
multiaxial sensor 1 that functions as a 6-axis force 
sensor for measuring forces on orthogonal three axes in 
the three-dimensional space, and moments around the 
respective axes, is described in detail in the Japanese 
Patent Application No. 2000-172045 by the same applicant 
as the present application. 

[0062] 

Further, a fifth embodiment of the present 
invention will be described with reference to FIG. 20. 
FIG. 20 is a plan view showing arrangement of strain 
gauges Rll to R38 when a multiaxial sensor 1 according to 
the fifth embodiment is Z-axially transparently viewed 
from the position of a second member 3. In the fifth 
embodiment, a first member 1 includes three multiaxial 
sensor units 4 to 6. A second member 3 includes three 
strain generation bodies 12 opposed to the respective 
multiaxial sensor units 4 to 6. The multiaxial sensor 
units 4 to 6 are arranged around the center point O of 
the multiaxial sensor 1 at regular angular intervals of 
120 degrees at the same distance from the center point O. 

[0063] 

Any of the multiaxial sensor units 4, 5, and 6 of 
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this embodiment has the same construction as the 
multiaxial sensor unit 10 of the first embodiment, and 
the same bridge circuit 11 or detecting circuit 16 as 
described above is provided. Also in this case, using 
results obtained by the multiaxial sensor units 4 to 6, 
6-axis force and moment components can be detected. Thus, 
the multiaxial sensor 1 of this embodiment functions as a 
6-axis force sensor for measuring forces on orthogonal 
three axes in the three-dimensional space, and moments 
around the respective axes. The calculation method using 
bridge circuits 11 of the multiaxial sensor 1 is the same 
as in the fourth embodiment, and therefore the detailed 
description is omitted. 
[0064 ] 

Next, a sixth embodiment of the present invention 
will be described. Although the first and second members 
2 and 3 are connected to each other in the above- 
described fourth and fifth embodiments, only the first 
member 2 can be used solely. In this case, by attaching 
a weight as an operation body to the force receiving 
portion 13 of each multiaxial sensor unit 10, multiaxial 
accelerations and angular accelerations applied to the 
multiaxial sensor unit 10 can be measured. 

[0065] 
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Although the preferred embodiments of the present 
invention have been described as above, the present 
invention is not limited to the above-described 
embodiments. Various changes in design can be made 
within the scope of the description of claims. For 
example, in the above-described bridge circuit 11, a 
driving method is used in which a constant voltage and 
GND are applied. However, the present invention is not 
limited to that. Positive and negative voltages may be 
applied. Otherwise, in place of a constant voltage, a 
constant current may be applied for driving. 

[0066] 

It is a matter of course that the arrangement of 
the strain gauges in each of the above-described 
embodiments is not limited to that shown in the 
corresponding drawing. It suffices if Mx, My, Fz, etc., 
can be obtained by calculations such as subtraction and 
addition of node voltages of the bridge circuit 11 even 
when the arrangement of the strain gauges is changed. 

[0067] 

In the above-described embodiments, the sensor is 
used for detecting forces and moments on three or six 
axes. However, the present invention is not limited to 
that. For example, the sensor may be used as a 2-axis 
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sensor for detecting only 2-axial forces and moments on 
the X- and Y-axes. Otherwise, the sensor may be used as 
a 1-axis sensor for detecting only 1-axial force and 
moment on one of the X-, Y-, and Z-axes. 

Industrial Applicability 
[0068] 

The present invention is the most suitable for a 
multiaxial sensor unit and a multiaxial sensor, capable 
of measuring the direction and magnitude of at least one 
of six components of forces on orthogonal three axes and 
moments around the respective axes, externally applied. 
Therefore, for example, in a humanoid robot expected to 
be put to practical use in the amusement field, if a 
multiaxial sensor unit and a multiaxial sensor of the 
present invention are incorporated in a hand or leg of 
the humanoid robot, forces and moments applied to the 
hand or leg of the humanoid robot can be detected with 
high responsibility and high accuracy at a lower cost 
than a conventional sensor. 

Brief Description of Drawings 
[0069] 
[FIG. 1A] 
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A plan view of a multiaxial sensor unit according 
to a first embodiment of the present invention to show 
the arrangement of strain gauges. 

[FIG. IB] 

A central vertical sectional front view of the 
multiaxial sensor unit according to the first embodiment 
of the present invention. 

[FIG. 2] 

A central vertical sectional front view showing 
displacement and changes in the resistance values of 
strain gauges when a force Fx is applied to the 
multiaxial sensor . 

[FIG. 3] 

A central vertical sectional front view showing 
displacement and changes in the resistance values of the 
strain gauges when a force Fz is applied to the 
multiaxial sensor. 

[FIG. 4] 

A circuit diagram showing an example of a bridge 
circuit . 

[FIG. 5] 

Diagrams showing an example of calculation 
processing for node voltages using an OP amplifier. 
[FIG. 6A] 
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A circuit diagram showing an example of a bridge 
circuit for calculating Fx, which shows the whole 
construction . 

[FIG. 6B] 

A circuit diagram showing an example of a bridge 
circuit for calculating Fx, which shows a substantially 
equivalent circuit . 

[FIG. 7A] 

A reference representation for calculating Fz, 
which shows directions in which the force is applied. 
[FIG. 7B] 

A reference representation for calculating Fz, 
which shows a bridge circuit when the force is applied in 
the direction indicated by an arrow Tl . 

[FIG. 7C] 

A reference representation for calculating Fz, 
which shows the bridge circuit when the force is applied 
in the direction indicated by an arrow T2 . 

[FIG. 7D] 

A reference representation for calculating Fz, 
which shows the bridge circuit when the force is applied 
in the direction indicated by an arrow T3. 

[FIG. 7E] 

A reference representation for calculating Fz, 
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which shows the bridge circuit when the force is applied 
in the direction indicated by an arrow T4 . 
[FIG. 8] 

A circuit diagram showing another example of a 
bridge circuit. 
[FIG. 9] 

A circuit diagram showing still another example of 
a bridge circuit. 
[FIG. 10] 

A circuit diagram showing another example of a 
bridge circuit. 

[FIG. 11] 

A circuit diagram showing still another example of 
a bridge circuit. 
[FIG. 12] 

A diagram showing an example of a detecting circuit. 
[FIG. 13] 

A circuit diagram showing a bridge circuit formed 
when Mx or My is obtained by the detecting circuit. 
[FIG. 14] 

A circuit diagram showing a bridge circuit formed 
when Fz is obtained by the detecting circuit. 
[FIG. 15] 

A central vertical sectional front view of a 
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multiaxial sensor unit according to a second embodiment. 
[FIG. 16] 

A partially omitted vertical sectional view of a 
multiaxial sensor unit according to a third embodiment. 
[FIG. 17A] 

A plan view of a multiaxial sensor according to a 
fourth embodiment of the present invention, which shows 
arrangement of strain gauges when Z-axially transparently 
viewed from the position of a second member. 

[FIG. 17B] 

A central vertical sectional front view of the 
multiaxial sensor according to the fourth embodiment of 
the present invention. 

[FIG. 18] 

A perspective representation showing axes of 
Cartesian coordinates. 
[FIG. 19] 

Circuit diagrams showing examples of bridge 
circuit s . 

[FIG. 20] 

A plan view of a multiaxial sensor according to a 
fifth embodiment, which shows arrangement of strain 
gauges when Z-axially transparently viewed from the 
position of a second member. 
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[FIG. 21] 

A central vertical sectional front view of a prior 
art multiaxial sensor unit. 
[FIG. 22] 

A plan view showing arrangement of strain gauges of 
the prior art multiaxial sensor unit. 
[FIG. 23A] 

A circuit diagram showing a bridge circuit 
constituted by strain gauges of the prior art multiaxial 
sensor uni t . 

[FIG. 23B] 

A circuit diagram showing a bridge circuit 
constituted by strain gauges of the prior art multiaxial 
sensor unit . 

[FIG. 23C] 

A circuit diagram showing a bridge circuit 
constituted by strain gauges of the prior art multiaxial 
sensor unit . 

Description of Reference Numerals 
[0070] 

1: multiaxial sensor 
2: first member 
3: second member 
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4 to 7: multiaxial sensor unit 

10: multiaxial sensor unit 

11: bridge circuit 

12: strain generation body 

13: force receiving portion 

14: fixed portion 

15: diaphragm portion 

Rll to R48: strain gauge 
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